Introduction
Chronic inflammation is a prolonged pathological condition characterised by mononuclear cell infiltration, tissue destruction and fibrosis due to excess production of free radicals. Rheumatoid arthritis is systemic autoimmune disease characterised by synovial cell infiltration as well as destruction of tissues.
Free radicals are defined as molecules or any chemical species having an unpaired electron in the outer orbit and are capable of independent existence. In biological systems, the most common source of free radicals is oxygen which in term reacts with nitrogen and produces nitrogen intermediates. Under certain stress conditions, Oxygen becomes much more active and forms superoxide anion radicals and hydroxyl radical (OH − ). The important nitrogen species are nitric oxide and peroxynitrite anion. Nicotinamide adenine dinucleotide phosphate oxidation by Nicotinamide adenine dinucleotide phosphate oxidase is considered as the major source of Superoxide anion radicals, where the antioxidant enzyme superoxide dismutase converts Superoxide anion radicals to less toxic hydrogen peroxide. Nitric oxides are formed from L-arginine by one of the three nitric oxide synthases
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A Bala 1,2 *, PK Haldar 1 and react with O 2 − and produce highly toxic Peroxynitrite. Collectively all reactive oxygen and nitrogen species are ultimately responsible for creating oxidative stress during inflammation by producing different cytotoxic cytokines through the phosphorylation of nuclear factor kappa-B (NFκB). The main aim of this review is to analyse the role of free radicals in cellular inflammation, related to rheumatoid arthritis. Conclusion DNA damage caused by reactive radicals as well as cytokines may lead to abnormal functioning of the cells. Although cellular repair systems correct most of these damages but the free radicals induced DNA lesions can be an important aetiology of inflammatory autoimmune diseases like rheumatoid arthritis. Thus it should be recommended that management of oxidative stress by antioxidant therapies in combination with modulators of cytokines and other inflammatory pathways are the therapeutic weapon to fight against rheumatoid arthritis.
Introduction
Inflammation is a protective defence mechanism employed by cells/ tissues against endogenous and exogenous stimuli/antigens 1 . The relationship between chronic inflammation and rheumatoid arthritis (RA) has already been recognised 2 . RA is a systemic autoimmune disorder that primarily targets the synovium of diarthrodial joints resulting in an unchecked synovial inflammation 3, 4 and accumulation of inflammatory cells like monocytes, macrophages and neutrophils in sinovium. In acute inflammatory processes there is a marked accumulation of polymorphonuclear neutrophills however, chronic inflammation is a prolonged pathological condition characterised by mononuclear immune cell infiltration, tissue destruction and fibrosis due to excess production of reactive oxygen and nitrogen species (ROS and RNS) as well as toxic free radicals
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. Chronic inflammation exerts its cellular side effects mainly through excessive production of free radicals and depletion of antioxidant defence in the body 6 . The main aim of this review is to analyse the role of free radicals in cellular inflammation, related to RA.
What is free radical?
In the general structure of atoms and molecules, electrons are usually associated and exist in pairs, each pair moving within a defined region of space (an atomic or molecular orbital). One electron in each pair has a spin quantum number of + ½, the other − ½
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. Free radicals are defined as molecules or any chemical species with an unpaired electron in the outer orbit and are capable of independent existence (hence the term 'free') 8 . This unpaired electron usually produces a highly reactive free radical.
In biological systems, the most common source of free radicals is oxygen which in term reacts with nitrogen and produces nitrogen intermediates and is termed as ROS and RNS
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. 14, 19 .
Effect of Free radicals
Generally some important physiological functions are regulated by redoxresponsive signalling pathways through the production of NO by NOS and oxygen radical (O 2 − ) production by phagocytic NAD(P)H oxidase 20 . Additionally gene transcription and regulation of soluble guanylate cyclase activity in cells is also regulated by ROS and RNS. Furthermore, NO is one of the most widespread signalling molecules and participates in virtually every cellular and organ function in the body mainly as endothelial dependent relaxing factor (EDRF) 21 . Physiologic levels of NO produced by endothelial cells are essential for regulating the relaxation and proliferation of vascular smooth muscle cells, leukocyte adhesion, platelet aggregation, angiogenesis, thrombosis, vascular tone and haemodynamics. NO produced by neurons serves as a neurotransmitter and NO generated by activated macrophages is an important mediator of the immune response 22 . However, due to having an extra elector in the outer orbital, free radicals and other reactive species play a critical 'super oxidant' role to cause the oxidation of biomolecules mainly protein, amino acids, lipid and DNA, which leads to cell injury and death 14, 19 . 3) Exposure of living organisms to ionising radiation . The Th1 and Th2 cytokine balance have attracted great interest as it is hypothesised that the degree of polarisation and heterogeneity of T cell lymphocytes may be important in the initiation and perpetuation of inflammation in arthritis 34 . Recent studies have revealed key roles for inflammatory cytokines, such as tumour necrosis factor alpha (TNF-α), interleukin (IL)-1β and IL-6, in pathogenesis of arthritis. Levels of TNF-α, IL-1β and IL-6 are elevated in the synovium of patients with arthritis 37 . It has been suggested that these inflammatory cytokines are produced through continuous activation of T cells and interaction of activated T cells with monocytes/ macrophages in arthritis 38 .
Free radicals in inflammation and rheumatoid arthritis
Many studies have demonstrated the direct relationship between chronic inflammation and rheumatoid arthritis. Cytokines are soluble mediators of intracellular communications which are upregulated during inflammation. They contribute to a chemical signalling language that regulates development, tissue repair, haemopoiesis, inflammation and the specific and non-specific immune responses 28 . Rheumatoid Arthritis (RA) is a systemic autoimmune disorder that primarily targets the synovium of diarthrodial joints resulting in an unchecked synovial inflammation that leads to erosions of periarticular surfaces and juxtaarticular osteopenia 2 . Though the The proteins are other main targets for free radicals attack. Overproduced radicals can react with protein amino acids to oxidise and cross-link them. Radical-protein reactions can impair the function of important cellular and extracellular proteins like enzymes and connective tissue proteins permanently 25 . DNA is also highly susceptible to free radical attacks. An oxygen radical interaction with DNA can break its strands or delete a base. This DNA damage can be a lethal event for an organism. The rate of DNA damage inflicted by free radicals is considerably high; it is estimated that on average of more than 10,000 oxidative hits occur each day in the DNA of human cells 26 .
Antioxidant defences in our body
Antioxidant enzymes are considered as the first line of cellular defence against oxidative damage. Among the antioxidant enzymes, catalase (CAT), GSH peroxidases (GP), superoxide dismutase (SOD) and antioxidant nutrients are the most important antioxidant defence components in cells exposed to oxygen, whereas reduced glutathione (GSH) is the most important non enzymatic antioxidant defence 10 . The tripeptide glutathione in its reduced form (GSH; c-L-glutamyl-L-cysteinyl-glycine) by virtue of its free radical scavenging activity and reduction of peroxides is considered as the principal cellular antioxidant 27 . Glutathione, the most abundant thiolcontaining substance of low molecular weight in cells, is synthesised from glutamate, cysteine and glycine. N-acetylcysteine is a stable, effective precursor of cysteine for intracellular GSH synthesis 28 . As a major component of the cellular antioxidant system, GSH (reduced) react with all ROS and RNS and stabilise them by donating H + and itself converted to GSSG (oxidised glutathine) ( Figure  1 ). GSSG again get back to GSH by the action of glutathione reductase (GR) with the coenzyme system NADH 29 .
Pharmacology of inflammation and arthritis
Inflammation is the early response of the body's immune system to eliminate pathogens or other stimuli in order to restore the cells to normal state or replace destroyed tissue with scar 30 . The interaction of the cellular immune system with endogenous and/or exogenous antigens results in increased generation of ROS and RNS, leading to the activation of signalling cascades of synthesising proinflammatory cytokines and chemokines 30, 31 . In the innate immune system, macrophages play a pivotal role in eliminating the pathogen through the generation of ROS/RNS including superoxide, nitric oxide, hydrogen peroxide, hydroxyl radical, ONOO − and hydrochlorous acid (HOCl)
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. During inflammation Cyclooxygenase (COX) is the main enzyme that is unregulated in the macrophages 32 . COX is an enzyme that is responsible for the formation of important biological mediators called prostanoids (including prostaglandins, prostacyclin and thromboxane). COX converts arachidonic acid to prostaglandins which can results in pain, swelling and stiffness
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. COX exists in two isoforms, COX-1 and COX-2; COX-1 is constitutive while COX-2 is inducible and is produced in abundance in activated macrophages and other cells at the site of inflammation. COX-2 derived bioactive lipids, including prostaglandin E2, are potent inflammatory mediators. PGE 2 increases vascular permeability along with other vasoactive components such as histamine, bradykinin or nitric oxide thereby causing oedema, pain and hyperalgesia at the local inflammatory 33 . Although cellular repair system corrects most of these damages, the free radicals induced DNA lesions that accumulated with age, can be an important aetiology of inflammatory autoimmune diseases like rheumatoid arthritis 41 .
Discussion
The authors have referenced some of their own studies in this review. These referenced studies have been conducted in accordance with the Declaration of Helsinki (1964) and the protocols of these studies have been approved by the relevant ethics committees related to the institution in which they were performed. All human subjects in these referenced studies gave informed consent to participate in these studies.
During the last decade, there has been an escalation of interest in the role of antioxidants in health care and disease. Antioxidants act as free radical scavengers and are thus found to play a significant protective role against oxidative stress in a variety of diseases such as liver cirrhosis, inflammation, atherosclerosis, diabetes, cancer, neurodegenerative diseases and also in rheumatoid arthritis 40 . Many important molecules including proteins, lipids and nucleic acid chains are very susceptible to oxidising reactions by free radicals 42 ; thus, it is not expected to see many deteriorating events following oxidative stress leading to decreased longevity of the cells as well as destroying the normal physiological function of cells 42 . Pro-inflammatory cytokines are key elements in abnormal transformation of the cells and auto immune activities leading to RA thus chronic inflammation should be considered as a high risk factor for RA. The antioxidant defines system within the body can easily handle free radicals that are internally produced 43 . Antioxidants are manufactured within the body and can also be extracted from the food that are consumed by humans such as fruits, vegetables, seeds, nuts, meats and oil. The principle micronutrient antioxidants are vitamin E, beta-carotene and vitamin C 43, 44 where the body's nonenzymatic potent antioxidant is GSH 45 .
Conclusion
Based on these analogies, it should be recommended that management of oxidative stress by antioxidant therapies in combination with modulators of cytokines and other inflammatory pathways are the therapeutic weapon to fight against rheumatoid arthritis.
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